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Abstract. Over 22% of Estonian field soils are calcium-defitiand acidificated, and are also
among the poorest soils in Estonia in terms of hajntiieir average humus content remains
below 2%. Low humus content in calcium-deficientsscesults from either, a lesser generation
of organic matter on acid soil, or its decompositipeed as affected by the micro fungi, which
are dominant in calcium-deficienHéplic Podzoluvisolssoils. The dissolved organic matter
succumbs easily to leaching and transport causedibg and water (erosion), whereby the
fertility of the soil will decline. Thus, calciumlays an important role in ensuring the fertility
and sustainability of soil; liming is used to rekeits deficiency. To eliminate calcium-
deficiency in field soils, the quick-acting fine sty limes with 5-year interval 5 t Haare
mainly used in Estonid@aying attention to the dynamics of available caitcontent in the soil
limed with fine dusty lime fertilisers, it appeardidat the calcium content remained at the
optimum level in the ploughed layer for only 2—3a§& a considerably shorter period of time
than expected. Since the level of fineness detegriis ability to dissolve and the effect of lime
on the available calcium content in soil, thenrpiove the effectiveness of liming and, from
the aspect of an economical use of resources,aitligsable to use dusty limes with a shorter
than 5-year interval and, respectively, in smatiegantities, which would guarantee a more
stable calcium content in the soil with a bettee 0$ resourcedror longer effect, limestone
should sufficiently contain a coarser fractionsdiging only in the 84" year.
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INTRODUCTION

Climate-wise, Estonia’s average annual precipitatis 750 mm per year.
Compared with rainfall, evapotranspiration is lbgsca 290 mm as an annual average
(Kask, 1996). Consequently, calcium and magnesiarbanates are leached out from
the surface levels of soil by the percolating wateat is, the leaching of carbonates
occurs. As a result of the leaching of carbonates becomes deprived of calcium and
magnesium. After the leaching of carbonates, tltlrdgen of humic acids will replace
the metal cations in the absorbing complex of smld the soil will acidificate. But
calcium deficiency in soil may lead to degradatdisoil qualities.

The acid soils are predominantly frequent in soettern and southeastern
Estonia, located on non-carbonate matrix. Accordinghe data of the ARC soil
survey in 2000-2006, more than 22% of all Estorfiald soils consist of deficient
calcium carbonates, and are also among the mosudwdeficient soils in Estonia:
average humus content remains below 2%. The coatehtesources of organic matter
in soil develops on the basis of the differenceadiment and losses of organic matter.
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The organic matter accumulating in soil decomposeasling to its full mineralization.
The main agents that decompose organic matter amarganisms: soil bacteria,
micro fungi, actinomyzetic fungi, etc. The inteysand particularities of microbial
decomposition of the organic matter of soil as waslithe count of micro organisms in
soil have been studied in Estonia (Lasting V. gtl&66, 1988); it was established that
in the ploughed stratum of théaplic PodzoluvisolgA;-horizon), the decomposition
of organic matter takes place more rapidly tha@afcaric Cambisolgiue to a greater
number of micro organisms. IHaplic Podzoluvisolsthe abundance of micro fungi
was noticeable. While the number of soil bacteniahe organic matter dflaplic
Podzoluvisolsaxceeded that i€alcaric Cambisoldy a mere 5% and the number of
actinomyzetic fungi by 13%, the number of microguaxceeded that by 50% (Kask,
1996). The higher number of micro fungi in the aatt-deprivedHaplic Podzoluvisols
can be accounted for their ability to live in arvieonment which has a pH of 1.4-12;
however, the majority prefers pH between 5-6 (Kp2686). Hence, in the calcium-
deprived acid soils, the micro organisms decomgptiie organic matter can be found
in abundance, and their activity decomposes thanicgmatter quickly. The dissolved
organic matter is easily subject to leaching aaddport by wind and water (erosion).
According to the data by R. Kask (1996), leachingnbs deeper in loamy carbonate
soils is insignificant, whereas it is significamt acid sandy soils that also frequent
southwestern and southeastern Estonia. Thus, hdefisency in these soils may
have been caused, firstly, by the lower plant pctidn due to acid growing
environment, and secondly, by the great numbeegfatling actors that cause a rapid
decomposition of organic matter and its leachingmfrthe soil as a result of the
percolating water.

With humus decreasing, the ability of the soil widhnutrients and water will
decrease, and in more loamy soils, the water petioal ability will decrease, as well.
The resistance of the soil particles of calciumalent soils to external agents is weak,
the particles will fall apart and soil will grow dser. These are only some of the
factors that will degrade the quality and sustailitgtof soil in the case of calcium
deficiency.

Limestone is commonly used throughout the worldetmove soil acidity and is
being used increasingly in Estonia. For many ydarsgconomic reasons, oil shale ash
dust and cement kiln dust were used for limingssdllement kiln dust is still the most
widely used lime, due to its better effect (calcicanbonates, nutrients).

Cement kiln dust (also oil shale ash) is a matesfafine dust that dissolves
rapidly in soil. In addition, the cement kiln dugpically has high potassium content in
the form of potassium sulphate. Since soil doescoatpound with sulphur and the
sulphate ions absorb in soil negatively in termploysics, it encourages the leaching
of anions with cations, especially in the form @loium- and magnesium cations
(Lauk & Turbas, 1988; Turbas, 1996). Therefore, doethe impact of sulphur,,
calcium and other elements which have been supgi#ite soil with cement kiln dust,
are easily leached from the soil. In order to redtice losses and increase the
effectiveness of fine dusty limes, i.e., cement ldust and limestone dust, on the
stability of the available calcium content in séile given study looked into the effect
and duration of limes used in practice on the atb#él calcium content in a ploughed
soil layer.
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MATERIALS AND METHODS

The field trial was established in 2005-08@leyic Podzoluvisolsandy loam, at
the Kuusiku trial centre. Geographic coordinatesigltude 5858'57.91”, latitude
24°42'19.55", altitude 55 m. The agrochemical indimat of soil upon establishing the
trial (0—22 cm): humus content 2.7%, gH4.4—4.8; from the extraction solution
Mehlich 3availableP 80-130 mg k§— content highavailableK 125-130 mg kg, —
content averagegvailable chCa 400-1000 mg Kg— content lowavailableMg 50—
65 mg kg' — content low.

The estimated CaG@equirement of the trial soil was 8.7 tha&ement kiln dust
and limestone were used for lime. Cement kiln dududes 25-30% of oil shale ash
and 70-75% of partly decarbonized raw mix compaxed94% limestone and ~6%
clay. Cement kiln dust is a fine-grained mateniasidue on sieve 0,15 mm < 5%). The
indicators of limestone dust fineness are providetable 1.

The neutralisation capacity (Cag)@f the limes used in the trials was 76% and
content CaO 43.2% for cement kiln dust and 92% eodtent CaO 50.2% for
limestone. Of the important plant nutritive elensgntement kiln dust contained K
6.5%; S 3.1%, and Mg 2.0%. Limestone contained MBJ4) the nutritive elements
even less. Lime fertilisers were spread manuallyr o cultivation. In the cement kiln
dust version, the lime was inserted into the soihie amount 5 t Hain the spring of
2005 and its influence was observed during the fext years. In the case of the
limestone variant, liming was used in the total antoof 10 t ha, out of which the
first dose of 5 t HAwas inserted in the spring of 2005 and the otlaéfrih 2006 with
autumnploughing.

Table 1 Fractions of limestone used in trial.

Fraction, mm 4-3 3-2 2-1 1-05 0.5-0.16 0.16-0.1 0.1-0.05 <0.05
Content, % 57 114 194 189 22.2 4.9 4.1 13.9

The soil preparation in autumn varied with yearitusan ploughing was
performed in 2005 and 2006, whereas in 2007 an8 g@®soil was cultivated only on
the surface. Soil samples (0-22, 0-10, 10-20, 2033640 cm) were taken annually
after harvest. Chemical analyses of soil were nadee Agricultural Research Centre.

Soil analysis data of the field trails was procdssaathematically using
dispersion and regression analysis.

RESULTS AND DISCUSSION

As the trial results (Fig. 1) revealed, the conteihtwailable calcium was at its
highest due to the influence of the cement kilnt dupplied in soil in the spring and on
the optimum level during the first year of effedttie liming; afterwards, it began to
decrease and, by the autumn of the third year,pé@po the pre-liming level. Thus,
upon using cement kiln dust, the calcium contenintaaed its optimal level only
during the first year of application. To neutralsal acidity and to optimise calcium
content, the second half of the lime requirememsiedshould be supplied in the soil in
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the second year, however, it is not expedient éncidse of cement kiln dust, since the
excessive proportion of plant nutrients in the @il not be used by plants during the
first year and are largely subject to leaching,eesdly sulphur and magnesium.
Although the plants receive part of the potassiwppied in the soil for a longer
period of time, even part of that will be lost imetcourse of time. Therefore, when
there is a major need for lime, limestone is moqgedient; hence, limestone was used
for the second lime dose in the trial.

1600
R? = 0.793
1400 77 _ 5 g2
"o 1200
4
© 1000 |
= R? = 0.906 g
O 8001 (=0.g15* .
600 -
o cement kiln dust = limestone
400 : : : :
0 1 2 3 4 5

Years

Figure 1. Variations in available calcium content relatediring cement kiln dust
—5thd, limestone — 5+5 t iia

As the limestone variant results show, the impddinsestone on the calcium
content of soil was somewhat weaker than that efcément kiln dust. By autumn of
the second year, the calcium content remained b#tewoptimal level (< 1500 mg
kg"), so the second half of the lime requirement deas inserted in soil with the
expectation that one part of the lime would fatbisubsoil and the other part of the
lime into topsoil, thereby evening up the calciuamntent in the topsoil. By the third
year of the trial, the content of available calciumthe topsoil was slightly over 1200
mg kg" and remained roughly on the same level in thettfoyear. The trial is being
continued and further results will indicate the alyrics and stability of the calcium
content in soil.

Observing (Fig. 2) also the dynamics of the avélatalcium content in the
topsoil (0-10 cm and 320 cm) in the turned topsoil and in subsoil (20-€8® and
30-40 cm), the following aspects became apparesdiriding in the third year, in the
liming variant with cement kiln dust, both topsaiid subsoil were equally deprived of
calcium and acidic like an unlimed soil. Resultghe# limestone variant indicated that
ploughing lime deeper into the soil has no sigaific effect on calcium content in
subsoil; turning over the topsoil with liming hetb® homogenize the calcium content
only in the topsoil. Calcium content in the topswilthe limestone variant remained at
10 t hd, still below the optimal level due to the impadtlimestone by the end of
observation period, i.e., by the end of the foyehr.

The abovementioned aspects allow the inferencettiealime fertilisers used for
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optimisation and stabilisation of the calcium comtén soil, cement kiln dust in
particular, have little effect. As the trial hamtiaued, limestone has not proved to be
notably more effective. The dissolving speed ofelidetermines the time span of its
effect. The speed of dissololution of the lime ifesgérs depends on the parameters of
its particles — the finer they are, the more rapitllwill decompose (Kalkitusopas,
1999). The very fine structure of cement kiln dgsbne of the reasons why it exerts a
short-term effect on the calcium content in soflleTeffect of limestone can be equally
short if it consists of an excessive proportioffiidé fraction.
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Figure 2. The influence of different agricultural limes dretavailable calcium content
dynamics in different soil depths.

In accordance with the Fertiliser Act (and followiadhis limestone trial), 8% of
the limestone dust must pass through a 2 mm scpized-sieve, 90%, a 1 mm sieve
and at least 50% through a 0.15 mm sieve. Theteféeperiod of lime with 90% of
the particle size being up to 1 mm will not exc&d days. When a field is limed
every %' year at 5t hj a trivial amount of lime is left for the last & years. Thus, in
the case of finely structured lime fertilisersmay become necessary to use liming
within shorter intervals and in smaller doses itoBs. A shorter, three-year period of
liming application has been recommended also ieratbuntries (Havliret al, 2005;
Rahmenempfehlungen ..., 2000). It is especially eigmedo use cement kiln dust in
smaller quantities in order to take greater adwetaf its potential. But upon
stabilising the calcium content, better results aiso be achieved by lime supplies
with a longer dissolution period (coarser structufdthough the research on liming
has been plentiful, it is necessary to continuestelies towards the improvement of
liming efficiency and a more sustainable use obueses.
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CONCLUSIONS

The study results allow the following conclusio&nce replacing the calcium
leached from the ploughed layer is a crucial fa@omaintaining and improving the
soil fertility, the stability of optimal calcium otent plays an important role in
ensuring the sustainability of soil. The stabiliiycalcium content also depends on the
qualities of the lime supplied in soil.

The trial results indicated that in order to imprahe calcium condition of soils
requiring liming, it is advisable to use limestas® the main lime; in that case, more
attention should be paid to its structure, affertine speed of decomposition. The
duration of the effect of finely structured ceméith dust and limestone had a short-
term effect on the calcium content (2—3 years),ciwhieeds to be considered upon
liming. Since the degree of fineness of lime determinesligsolving ablity and its
effect on the available Calcium content in soilerthto improve the efficiency of
liming and for a better use of resourcess, iti®nemended to use dusty lime fertilisers
with a shorter than 5-year interval and, respelgtjvim smaller quantitities, which
would ensure a more stable calcium content in Boil.longer effect, limestone should
sufficiently contain a coarser fraction, dissolvimgy in 3¢ —4" year.
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